Background and Purpose: Carpal tunnel syndrome (CTS) is a common source of hand numbness and pain. The goal of this study was to compare longitudinal stretching of muscles and nerve to deep transverse friction massage for decreasing pain and improving hand function in patients with chronic CTS. Subjects and Methods: Thirty patients, 25 to 40 years old, were included in this study and randomized into two groups: the first group (36.8 ± 0.262) followed a physical therapy program group receiving stretching of wrist and hand flexors in combination with ultrasound, strengthening exercises of wrist and hand flexors, and wrist splint, three sessions per week for 12 weeks; and the second group (35.9 ± 0.225) followed the physical therapy program of deep transverse friction massage on the carpal tunnel site at the wrist joint, with using ultrasonic therapy, strengthening exercises of wrist and hand flexors and wrist splint, three sessions per week for 12 weeks. Outcome measures were range of motion (ROM), pain using visual analog scale (VAS), and hand grip strength measured with a sphygmomanometer. Results: There was a significant difference in both groups in all outcome measures compared to baseline. Over stretching group showed significant difference at the end of study in terms of range of motion of wrist flexion, extension and strength of handgrip when compared to deep friction massage group P < 0.05. However, there is no significant difference between groups in pain. Discussion and Conclusion: This study showed * Corresponding author.
Introduction
Carpal tunnel syndrome (CTS) is the most common neuropathy that results from compression of the median nerve, and increasing the volume of structures or decreasing the space inside the tunnel can cause the symptoms. Nine flexor tendons and one nerve, the median nerve pass through the tunnel between the tendons of flexor digitorum profondus and flexor digitorum superficialis. The carpal bones form the carpal tunnel dorsal surface and the transverse carpal ligament forms the volar surface of the tunnel. The location of median nerve inside the tunnel is superficial to the superficial flexor tendon of the ring and middle fingers [1] [2] .
Carpal tunnel syndrome mainly affects women in the middle age. The exact etiology and pathogenesis of CTS is unclear in the majority of patients. The evidence is not clear about linking several occupations with the incidence and prevalence of CTS [3] . Carpal tunnel syndrome diagnosis is based on patient's clinical, history, physical examination and is confirmed by electrophysiological studies [4] . One in five symptomatic patients expected to be diagnosed with carpal tunnel syndrome based on clinical examinations and electrophysiological studies [5] [6] .
Diagnostic methods of CTS include the electrophysiological study (nerve conduction study [NCS] ), Magnetic Resonance Imaging (MRI) and ultrasonography. The diagnostic physical examinations for the CTS are the Phalen test (PT), hand elevation test (HET), and Tinel sign (TS). Among these physical examinations, PT and HET have been reported in the literature to be highly correlated with the electrophysiological diagnosis of CTS [7] [8] .
Medical or surgical interventions have been reported for the treatment of CTS. Recent studies have shown that steroid injection is an appropriate treatment in carefully selected patients [9] . In addition, steroid injection is an effective and safe option of treatment; the benefit of steroid injection after 8 weeks has not been demonstrated [10] [11] . In a systematic review, 12 trials have been evaluated, including two randomized control trials, and have concluded that steroid injections have greater improvement in symptoms than placebo at only one month follow-up [10] . Also, there is no consensus regarding the repetition of the injections. Studies recommended no more than one injection per six months in the wrist [12] .
High-quality evidence has revealed that treatment options for CTS consist of corticosteroid injection for mild to moderate conditions [10] [13] and surgical decompression in moderate to severe cases [13] . Surgical procedure for CTS involves division of the flexor retinaculum and nerve release. This can be done through traditional open decompression surgery or mini incision techniques [6] [14] [15] . Limited evidence has compared the surgical intervention to splinting. In the systematic review in 2008, only two randomized trials were identified that compared surgical intervention to splinting and none of them have blinded assessment of outcomes [16] . Some surgical complications occur including inadequate division of the transverse carpal ligament, injuries and lacerations of the median nerve and branches, vascular injuries, wound infections and complex regional pain [17] [18] . So, many interventional options should be considered before surgery.
Conservative treatment including using of splinting, modalities such as ultrasound, phonophoresis, and iontophoresis may provide relief in some patients. Interestingly, it can enlarge the carpal tunnel by specific stretching techniques. Such an exercise program may provide a noninvasive intervention for CTS. Specific stretching and strengthening programs for the hand and wrist may be useful in improving strength and dexterity particularly following surgical treatment, although it can decrease symptoms. Massage of forearm and/or nerve glide techniques offer no proven benefits [19] - [22] .
The common conservative treatment of CTS is splinting of the wrist and hand, which is based on the premise that reduced movement of the carpal tunnel content and the rest facilitates resolution of inflammation. The mechanism and splinting effects are arguable and it is not clear whether the beneficial effects that occurred in such A. R. Hafez et al. 201 patients are because of movement reduction of the tunnel contents or reduction in intra-tunnel [23] - [27] .
The aim of this study was to compare the effect between longitudinal stretching of muscles and nerve and deep transverse friction massage in the treatment of patients with carpal tunnel syndrome.
Materials and Methods

Subjects
This study was approved by Research Ethics Committee at Cairo University Hospital and all participants signed informed consent forms, and were informed about the whole procedures before testing and training. All patients were recruited from outpatient clinic of orthopedic departments at Cairo University hospitals.
Many patients were assessed to determine their eligibility, age, and diagnosis. Inclusion criteria were as follows; patients with carpal tunnel syndrome diagnosis. Exclusion criteria were as follows; previous history of surgery to carpal tunnel, diabetes or peripheral neuropathy. This study included 30 males and females volunteer patients divided randomly into two groups, the first group followed a physical therapy program of exercise in the form of stretching of wrist and hand flexors with using ultrasonic therapy, strengthening exercises of wrist and hand flexors and wrist splint, three sessions per week for 12 weeks (mean age = 36.8, SD ± 0.262 years), the second group followed a physical therapy program of deep transverse friction massage on the carpal tunnel site at the wrist joint, with using ultrasonic therapy, strengthening exercises of wrist and hand flexors and wrist splint, three sessions per week for 12 weeks (mean age = 35.9, SD = 0.225 years). All of them were suffering from pain, limitation of range of motion (ROM) of wrist extension and flexion, and handgrip.
Evaluation Procedures
Universal goniometer was used to measure the range of motion (ROM) of wrist extension and flexion [28] . Visual analogue scale (VAS) was used to measure the pain severity [29] . Finally, Squeezing sphygmomanometer was used to test the strength of handgrip [30] .
Treatment Procedures
The first group followed a physical therapy program of: 1) exercise in the form of longitudinal stretching of muscles of wrist and hand flexors (three repetitions, 30 seconds in position of stretching, 30 seconds in position of relaxation with elbow extended with five sets) [31] ; 2) ultrasonic therapy [19] (5 minutes, 2 w/sec 2 in continuous form); 3) strengthening exercises of wrist and hand flexors (minimal resistive exercises, 10 repetitions for every exercise, 3 sets, 6 sec rest between each repetition, and 1 minute rest between the sets. The resistance is progressed according to repetitions) [32] and 4) wrist splint (day and night) [33] , three sessions per 6 weeks.
The second group, followed the physical therapy program of 1) deep transverse friction massage on the carpal tunnel site at the wrist joint (5 minutes, by the thumb of therapist in position of extension and press during massage); 2) ultrasonic therapy (5 minutes, 2 w/sec 2 in continuous form) [19] ; 3) strengthening exercises of wrist and hand flexors (minimal resistive exercises, 10 repetitions for every exercise, 3 sets, 6 seconds rest between each repetition, and 1 minute rest between the sets. The resistance is progressed according to repetitions) [32] and 4) wrist splint (day and night) [33] , three sessions per 6 weeks.
Assessment Procedures
All patients were assessed before treatment and reassessed after 6 weeks by using universal goniometer to measure ROM of wrist extension and flexion [28] . The fixed arm of the Universal goniometer is placed in parallel to the forearm and the movable arm in parallel to the ulnar side of the hand and little finger in 0 position then the subjects were asked to flex and extend the wrist and record the angle of flexion and extension.
Visual analogue scale was used to measure the pain [29] , which is represented from (0) position to (10) position. Zero position means no pain, (10) position means unbearable pain, from 1 to 10 means gradual increasing in pain intensity. The subjects were asked to indicate the level of pain by placing a dash at the appropriate level on the 10 cm horizontal line.
Squeezing sphygmomanometer was used in this study to measure the power of hand grip as following [30] : instruct the patient to squeeze the cuff of the sphygmomanometer as much as possible then record the change of 
Data Analysis
The collected data were statistically treated by using SPSS software (Statistical Package for the Social Sciences), version 18.0, SPSS Inc. Chicago, IL, USA, and the following values were found minimum, maximum, mean, S.D., one sample paired t-test to compare between pre and post assessment in the group. The unpaired t-test was used to compare pre and post assessment between two groups, at a confidence level of (P ≤ 0.05).
Results
There was no statistically significant difference between both groups at baseline measurements in terms of ROM of wrist flexion, extension and handgrip strength. Table 1 showed patients' pre and posttest values of pain, wrist ROM, and handgrip strength for stretching group. Table 2 showed patients' pre and posttest values of pain, wrist ROM, and handgrip strength for deep friction massage group.
Comparison between both groups, there was a significant difference in both groups in all outcome measures compared to baseline P ≤ 0.05. Over stretching group showed significant difference at the end of study in terms of range of motion of wrist flexion, extension and strength of handgrip when compared to deep friction massage group P ≤ 0.05. However, there is no significant difference between groups in pain. T-value of ROM of wrist flexion was 0.03, t-value of ROM of wrist extension was 0.035, and t-value of hand grip 0.02, but no significant difference in pain, where t-value of pain 0.8 Table 3 .
Discussion
The results of this study showed that there was a significant improvement of pain, ROM of wrist flexion and extension, and hand grip in stretching group due to use exercise program that includes, nerve and tendon gliding exercise (stretching exercise), ultrasonic therapy, wrist splint, and strengthening exercises. The longitudinal stretching of muscles and nerve is based on the principle of improving the movement of peripheral nerves and releasing compression through longitudinal stretching of the muscles and nerves. If there is inability to move nerves, the symptoms may be occurred due to loss of nerve movement. At the wrist, as in most body areas, a normal longitudinal movement is required (glide and stretch). Flexion of the digits causes sliding of the median nerve proximally into the forearm; with finger extension, sliding of the median nerve occurred distally towards the hand [5] . Hyperextension of the wrist and fingers causes displacement of the median nerve to farthest beneath the transverse carpal ligament into the hand (10 -15 mm relative to a fixed bony landmark in the carpal tunnel). During flexion of wrist and fingers, there is a displacement of median nerve two to four times greater at the wrist than in the upper arm. The median nerve should slide during movement instead of being stretched continuously. In the carpal tunnel, there should be a normal movement relationship between the median nerve and the tendons of flexor muscles. Stretching exercise also reduces spasm of the muscles and improves blood circulation, which decreases the metabolites concentration to relief the pain [34] - [37] .
One of the major effects of using ultrasound therapy is softening the hard tissues around the muscles and nerves through its micro massage effect. The efficacy of using low intensity ultrasound thermotherapy was satisfied and more effective for mild to moderate Carpal tunnel syndrome cases [38] [39] .
In deep transverse friction massage group, there was a significant improvement of pain, ROM of wrist flexion and extension due to using of deep friction massage, which modulates of the nociceptive impulses at the level of the spinal cord: the "gate control theory". The centripetal projection into the dorsal horn of the spinal cord from the nociceptive receptor system is inhibited by the concurrent activity of the mechano receptors located in the same tissues, leads to increased destruction of pain provoking metabolites, such as Lewis's substances. This metabolite, if present in too high concentration, causes ischemia and pain, and also produces the rapeutic movement by breaking down the strong cross links or adhesions that have been formed. Softening the scar tissue and mobilizing the cross links between the mutual collagen fibers and the adhesions between repairing connective tissue and surrounding tissues [40] .
Wrist joint splint is used in neutral position to be worn day and nighttime to decrease the pressure on the median nerve and minimize the friction between nerve and all soft tissue around, at the end, improvement of muscle strength and function can be achieved by strengthening exercises [35] [37] [41] [42] . Thus, the improvement of wrist flexion and extension ROM occurred consequently with pain reduction, but no improvement in hand grip due to shortening of the flexor muscles of fingers.
Some authors revealed that physical therapy treatment either ultrasonic, strengthening exercises, or wrist splint are only effective in relieving pain in the management of carpal tunnel syndrome. Although, some of them showed that the electrotherapy, ultrasonic, phonophoresis, iontophoresis and strengthening exercises more effective in the management of CTS [21] [43] . In comparison of results in both groups, there was a significant difference between ROM of wrist flexion and extension, and hand grip in stretching group (longitudinal gliding) than deep transverse friction massage group (transverse gliding) because of increasing the length and power of the muscles which may be acting freely during wrist flexion and extension, and hand grip. However, there was no significant difference for pain in stretching group than deep transverse friction massage group because both groups was sharing same action of decreasing the inflammation and softening of the hard tissues [41] .
Significant results of the longitudinal stretching of muscles and nerve group more than the deep transverse friction massage group in pain, ROM of wrist flexion and extension, and hand grip, because in the stretching group, there were decreasing the inflammation and softening of the hard adhesive tissues, mobilizing the median nerve inside the carpal tunnel at wrist joint, and increasing the ROM of flexion and extension of the wrist joint and strength of hand grip through stretching exercise. But in the deep transverse friction massage group, there were decreasing the inflammation and softening of the hard adhesive tissues in the carpal tunnel at wrist joint without longitudinal mobilizing of the median nerve inside the tunnel and also shortening of the flexor muscles [41] [42] . This revealed that physical therapy treatment either stretching exercise, ultrasonic, strengthening exercises, and wrist splint are effective in relieving pain in the management of carpal tunnel syndrome. The results of this study come in agreement with many previous findings [21] [42] .
This study has several limitations such as the small sample size, using ultrasound and splinting in both groups, which may lead to further clinical improvement in both groups. Further studies should be done on translating and validating CTS patients' reported outcomes, questionnaire into Arabic language and focusing on exercise and deep transfer friction massage only in the management of patients with CTS.
Conclusion
This study showed that the longitudinal stretching of muscles and nerve in addition to Ultrasound therapy, strengthening exercise, and splinting is more effective than deep transverse friction massage in addition to Ultrasound therapy, strengthening exercise, and splinting in the treatment of patients with carpal tunnel syndrome.
